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o In most extensions of the SM, the Higgs doublet must also be
extended.

o Benchmark models: two Higgs doublet model GHDM).

o Minimal extension of the SM Higgs sector.

o Predicting CP-even h and H, CP-odd A, and singly charged
H*™.

a Four ways/types(I, I1, III, IV) for the doublet coupling to
SM termions.

o Other extensions: Higgs triplet models (HTM)
o0 Appearance of doubly-charged Higgs bosons H**/~~.

< -:{"‘ff '_7 o Rich phenomenology and final states.

o Production and decay largely depending on: coupling types,

targeting mass and tanp...
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' Neutral heavy Higgs A/H — 77

o Dominant decay mode
with large mass and
large tan S.

o Consider both Thad®had

and Tlep?had channels.
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https://arxiv.org/abs/2002.12223

o Using diphoton invariant mass as discriminator.

o Excellent resolution of diphoton pair.

Q’Ob%

o Limits provided in terms of fiducial cross-section.

o Sensitivity largely dependent on the decay width.
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1002000 o Important channel for H™ searches, especially high mass.
| HT E o Feature: one triggered lepton + many jets.
'- ______ . § t —> W+(l+17) +b .‘ o Categorised by the jet and b-jet multiplicities.
9.0000000 - b' o Dedicated NN trained as final discriminant.
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Main background: tt+jets NN output
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. Doubly-charged H™" - W™WT sumstto e (5
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Putting all pieces together..

ATLAS Preliminary -
hMSSM, 95% CL limits

— Observed _
- - - EXxpected

o So far no evidence of BSM physics observed...

o Large region of 2HDMs and HTPs parameter space [m,, tan ] are now excluded.
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o A hidden sector that can decay SM through mass mixing with the SM == —

Higgs boson.

| =0.0
0.1 ¢=001

S

S

)
o Simple example: two-Higgs-doublet plus singlet model GHDM-+S). %

m, <001 £=0.005
0 Predicting light pseudoscalar a with mass range in 0 to — = |
0.001 +
. . o (=0.00]
o Four types of coupling to SM fermions, just as 2HDM. 0-4] D. Curtin et al.

0o Candidate of dark matter mediator.

Higgs Portal
I I

o Explanation of anomalous observed in
astrophysics:

o Fermi-LAT observed gamma-ray excess

at the galaxy center (GCE).

o Anti-proton access in cOSMIC rays

(Antip).

D. Hooper et al.
JHEP 2020 (2020) 163
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o Focusing on ZH production mode.
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a Able to trigger by leptons.
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o Dedicated strategy for low p, a — bb tagger using multivariable BDT.
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a Two signal regions (high/low purity category HPC/LPC) designed -
for two different BDT working points. 15 17.5 20 22.5 25 27.5 30

95% C.L. upper limits on o,,, x B(H—aa—4b) [pb]
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o Significant Br(H — Za) in some scenarios of 2HDM-+S.
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o Targeting very light mass m, < 4 GeV.

Events / 0.01

o Where a primary decays to gluon pairs or light-flavour quark pairs.
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. Higgs to bb + EIMISS @

o Targeting the phase space near the Peccei-Quinn (PQ) symmetry limit (NMSSM).

. : H X1
o Focus on the ZH associated production. .
o Where Z decays to a pair of electrons or muons. X2 X1
: . ° , 4
O Select events with OS/SS lepton pair, large EF™'5° and at least one b-tagged jet. a -~ /b

o Search in the m; spectrum to see if any excess over the bkg. estimation.

T l T T T l T T T l T T T l T T T l T T T T T T T T T I T T T T
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ET % 40— Z+b W Diboson ; e L —e— Observed 95% CL upper limit —
> N Z+C --- Signal o] -/44;6 B — . — BR=1.0 |
LI B : oo K f B o |
[60,100] GeV so—~  Ztlight e — — s Expected limit = 1o -
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. 20— “ = - — Z
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. ;‘3’1.52— -------------------------------------------------------------------------------------------------------------------------------------------- - 20
my, outside F R S | o |
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ea b . ] . )
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Run 1: ys =8 TeV
Run 2: {s = 13 TeV

2HDM+S Type-11, tanf} = 2

=== expected =1 0o
observed

Run 1 20.3 fb' H— aa— uute

Run 1 20.3 fb™' H— aa— yyyy

Run 2 36.1 fb! H— aa— uuuu
Run 2 36.1 fb™ H— aa— bbbb

__  Run236.1fb" H— aa— bbbb

Run 2 36.7 fb' H— aa— yygg

Run 2 139 fb' H— aa— bbuu

Summary of 2HDM+S

107"

ATL-PHYS-PUB-2021-008
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ATLAS Preliminary

March 2021

Run 1: ys =8 TeV
Run 2: {s = 13 TeV

2HDM+S Type-IlI, m_ =40 GeV

=== expected +1 o
observed

Run 1 20.3 fb' H— aa— uute

__ Run236.1fb' H— aa— bbbb
Run 2 139 fb' H— aa— bbuu

Run 2 36.1 fb' H— aa— uuuu

o
o

tanf

o Model independent limits translated to limits of Br(H — aa) under the assumption of
each particular 2HDM+S scenario.

o Exclusion power difters by channels/analyses at different tan f3.
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Conclusions and looking forward.. )

LHC Run3, ATLAS Phase I u.pgraci@.,
More coming full-run2 resulks,
Better reco/id techniques...

o Many more BSM Higgs searches not presented in
this talk:

o Such as BSM di-Higgs resonances, low-mass
scalar searches, Higgs decays to LLPs (long-lived
particles) etc.

0 See more results here.

o A large parameter space of 2HDM like models have
been covered.

o Still no sign of new physics yet...

14
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Handbook of LHC Higgs cross sections: 4. Deciphering the nature of the Higgs sector
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Branching ratio of heavy Higgs A — SM A@AS

tanf =1 tanf = 10 tanf = 50
AENE

100 200 300 400 500 600 700 80 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
m, [GeV] m, [GeV] m, [GeV]

Handbook of LHC Higgs cross sections: 4. Deciphering the
nhature of the Higgs sector
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o Good sensitivity for small ranff & MSSM g . (/v flavour opposite-charged leptons. :
like models. - v v EV5S trigger & EQMSS > 150 GeV.
. . . . ‘Q €+/V 0.
o Signal discriminant: A > N bbbttt
A \\‘.‘ 7 ‘-
. :\\\ b . m
0 Invariant mass my, for ee/up. hz Consider both resolved (2 b-tags) :
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. Studies for the 52 GeV excess of bbuy )

LAS

EXPERIMENT

o Excess of 2.9¢ local significance observed.

— ATLAS Preliminary —— observed 95% CL upper imit —
B 1 — = expected 95% CL upper limit -
- Vs=13TeV, 139 b

| expected limit (+ 10)
expected limit (+ 20)
observed 36 fb’
------- expected 36 fb’

o 3 GeV wide window around the central mass at 52

GeV.

o Multiple checks done to investigate the excess:

o Looked at yields with different BDT modelling in SR,
only seen on the dimuon mass distributions at BDT50.

B(H — aa — bbuu)
o o
o o o
= < <
i N ~

0.0008

o No significant pull or constrains on bkg only and signal
ﬁt. 0.0004

o Conclusions:

o Looks like fluctuation in data. 5055:n GeV]

el m

o Limits run with toys for points with very small
number of events.
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o Targeting a lower m,, from 1 to 15 GeV.

a For very low m,, the two muons almost overlap.
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: 7 : o Events selected with dimuon mass compatibility and Higgs mass window.
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© Heavy flavour fake background (bb double semi-decay to muons) :

typical non-isolated
muon (rejected) U

template.

JHEP 06 (2018) 166
36.1 fb~]

ATLAS

EXPERIMENT

0 Redefine the isolation criteria to account for extra muons in the isolation

o Estimated by a fully data-driven method using semi-leptonic b enriched
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